Holography has advanced rapidly over the years due to technical melioration in the field of optics. Three-dimensional imaging has gained importance to upgrade the existing imaging and display system. Holography has become one of the branches of optics gaining significant importance with a vast number of technical and industrial applications. When we address holography the first thing that comes to mind is projecting a three dimensional object on thin air. The word holography has always been confused between peppers ghost effect. The famous English phrase "A picture is worth a thousand words", means a complex idea can be conveyed by a single picture. The basic principle of holography sounds complex with all its technical terms. This paper aims to explain the concept of the CυBE: Coherent υ Beam Educator that contains a transmission hologram illuminated with a laser diode. This paper summarizes the construction details of the CυBE and the optical setup to record the transmission hologram. It also briefs the circuit connections for the laser diode that's works with an aid of a push button. When viewer presses the push button the original scene is reconstructed. It provides details regarding the angle of reference beam at recording and how the reference beam is compensated at reconstruction. Also this paper highlights how the magnification of the recorded image is affected with respect to the path length of the laser diode inside the box during reconstruction of the recorded hologram.
INTRODUCTION
Holography is a branch of optics and it is mostly unknown to a lay man as it contains complicated scientific terms in its definition such as diffraction and interference. The main focus of this paper is to briefly explain these terms using analogies and discuss the construction details of the CυBE. The CυBE has got a vast number of applications in Display Holography. In academia there is an increasing demand for the field of Holography a lay person have no idea what holography actually means. The concept of Holography however was developed in the 1940s by Dennis Gabor and it reached its full potential only after the invention of LASERS (Light Amplification Simulated Emission of Radiation). The term hologram is being referred to "Pepper's Ghost" technique. This technique is mainly being used in the presentation environment, it is useful to create spectacular visual illusions by the use of image projection screen, of which the viewer is not aware, between an audience and the main subject of a display to create a ghostly or ethereal image which appears to the audience as superimposed within the same space as the principal display.
According to Graham Saxby the definition of a hologram is interference of light waves, the stationary pattern of which is recorded on light sensitive material and replayed by a light beam 1 .There are two main types of holograms exist in Holography there are two major types of holograms (i) Transmission and (ii) Reflection. In transmission type during recording the object and reference wave progresses from the same side to the recording plate to form interference fringes whereas in reflection type the object and reference wave progresses from the opposite side to the recording plate forming a standing wave pattern. Fig. (1a) shows the transmission recording geometry and in fig. (1b) shows the reflection recording geometry 5 .
During replay of a transmission hologram the reconstruction beam illuminates the hologram from behind and the viewer sees it from the front and in reflection type the reconstruction beam and the viewer are in the same side 5 . The transmission hologram can only be displayed under a laser light and is confined to scientific and technological research. However the reflection hologram can be displayed under white light source. Let us consider general equation of a point source with respect to time from a fixed point (x,y) is 
When the beams are correlated their combined intensity
The image during reconstruction at any point is given by the emergent wave can be obtained by multiplying . Now is defined by the following equation.
( )
The first term is identical with the reference/replay beam but attenuated. The second term is identical with the object term also attenuated. The third term is reversed in phase as indicates forming the pseudoscopic image and turned through an angle . These equations relates to transmission holograms 
HOLOGRAM IN A BOX
The motivation of this research is aimed at helping wider community to explain underlying principles of optics and their use in holography. The world's first laser created by Theodore H. Maiman transmission hologram in a box recorded by Gary Cullen 3 . The ruby laser first created by Maiman is a masterpiece and it is one of the most extraordinary inventions ever. The invention of laser has changed the world in many different field of science since then. It is evident that such an object is important to be preserved and kept in a museum for public display. This is important because the young generation like school children could be more motivated by visually seeing one of the most important science discoveries.
Creating a hologram of this masterpiece is always a good idea because holograms are a recording of the whole information of an original object. The real three dimensional nature of the object is revealed under the reconstruction beam. Another advantage of having a hologram is that copies can be easily made. The hologram in a box contains a Transmission hologram recorded in a film and reconstructed by a 5V diode laser at an angle close to the Bragg's angle. A mirror is used to direct the beam from the diode and to suit the Bragg's angle. The distance from the diode to the hologram is measured to be 21cm in total in other words this is the total path length of the reconstruction beam.
The box consists of a black paper cardboard for the main structure. The actual dimensions of the box measures 13.5cm X 13.5cm X 11.5cm. Fig. 3(a) 
CUBE: COHERENT U BEAM EDUCATOR
The CυBE is a replica of Gary Cullen's black box 3 predicting each and every step of its construction. This paper provides details of the construction and optical setup required to achieve such kind of transmission hologram.
Optical Setup
The optical setup used to record the transmission hologram is straight forward and very simple as there is no split beam holography is involved. The main reason why a split beam technique was avoided is to minimize the effort of calculating the path length difference between the object and reference wave. A Helium-Neon laser manufactured by Melles Griot power rated up to 75mW with the wavelength 632.8nm was used. The output power measured at the time of recording was 36mW. The beam from the laser is magnified using a 20x objective and spatially filtered using a 25 micron pinhole . Fig 4(a) provides the optical sketch of the recording setup. Fig 4(b) shows the real time laboratory setup. A black cardboard is used to prevent the light falling on to the recording plate before hitting the object and the reference mirror. This cardboard must not create any shadows on to the object. The object used in fig 4(b) During the recording process the center point of the object was aligned with the center point of the recording plate so that they are parallel to each this provides more control over the reference beam angle and can be adjusted exactly to 30 degrees. In this setup the split beam technique is avoided as a more intuitive approach is provided just by rotating the object and the recording plate 90 degrees clockwise facing the laser beam by doing the exact replay conditions of Gary Cullen's black box 3 have been achieved. The expanded beam is divided into two equal halves where the first half falls on the mirror creating the reference beam while the second half illuminates the object that eventually creates the object beam as shown in the fig 4a. Dividing the beams simply refers to using 50% of its area to the object and 50% on reference there is no optics involved 1 . This method is effective in such a way that it uses the available laser power avoiding the split beam technique. The coherence length of this laser is roughly about 20cm. The recording plate is aligned normal to the object to maintain the angle of the reference beam at 30 degree approximately. Special care is taken that a bright part of the beam illuminates the object as well as reflects from the mirror to form the reference beam. Size of the recording plate used for recording measures 12.75cm X 8.1cm. The recording plates were Silver Halide on 1.5mm glass substrate purchased from colour holographic ltd. The exposure time given to the recording was 12 seconds. 
Construction
The outer structure of the CυBE is made up of polypropylene which is an ideal material to make tool cases. I have chosen black colour as this would create a perfect dark environment ideal to display a transmission hologram forming a very contrast image. Gary Cullen's box 3 consists of a black paper cardboard for the main structure. The actual dimensions of the box measures 14.4cm X 14.4cm X 13.1cm. A viewing rectangular window is craved out from one of the sides of the cube and measures 11.4cm X 5.5cm. A square lid which consists of the laser diode along with its power source measures 15.2cm X 15.2cm. Fig 5 gives an overview of the CυBE with exact dimensions. Figure 5 . Sketch of the CυBE used in this work described with its dimensions.
Working Principle
The electronic circuit to power up the 5V laser diode is very fundamental. The power supply is a three AA battery holder with three batteries. The battery holder contains an ON/OFF switch to control the circuit. The push button is the key function to the CυBE. Pressing the button turns ON the laser diode and turns it OFF when it is not pressed. Fig  6(a) represents the circuit configurations for the push button controlled laser diode. The laser diode was purchased from eBay.co.uk and the unit cost of a diode is £0.50. The wavelength of this diode is 650nm three AA batteries provide enough power to turn ON the laser for a long period of time potentially in years. By default the diode consist of a focusing lens that focuses the laser beam to a dot. One of the important criteria of creating the replay beam is to use an expanded clear beam. This would require additional optics like beam expanders and pinhole. There is another way of generating a clear expanded beam is to lose the focusing lens found at the end of the laser diode. In this experiment the focusing lens is screwed out of the laser diode assembly. This created a nice clean beam free from forming newton's rings potentially a circular beam. A reflecting mirror is placed opposite to that of the laser diode the purpose of this mirror is to increase the path length of the reconstruction beam by reflection. It is cut to a rectangular shape sized to 6.5cm X 3.5cm the beam uses only the center part of the mirror so this is the exact size required to faithfully reflect most of the beam. An exposure time of ten seconds is given. A protective layer of a plain glass with a thickness of 1.5mm is added within the rectangular opening. This prevents the users from touching the hologram which is placed behind the protective glass layer. To obtain a bright and sharp image when illuminated under the replay beam the angle of the replay source is adjusted. This is done in two steps as the beam travels from the laser diode to the reflecting mirror and from the mirror to the hologram. Angle of the laser and reflecting mirror is also adjusted simultaneously to suit the perfect replay condition to achieve the brightest image as a rule of thumb. Also it is noticed that the recording wavelength used to record this hologram was 632.8nm and the replay wavelength used is 650nm ideally recording wavelength must match the replay wavelength but practically during processing there is a shift in wavelength. Also the diode used to replay has a wavelength of 650nm. The small shift in wavelength was compensated by adjusting the angle of reflecting mirror and the laser diode until a clear image is obtained. From the obtained result it is evident that the replay wavelength can be compensated by adjusting angle of replay. The magnification of the image formed is given by the ratio between image to object distance. Therefore the size of the image will depend on the size of the source. This also means that when an observer views a hologram from one side points closer to the hologram would appear sharper and the points farther away appears blurred . Fig 7(a) 
CONCLUSION
This paper has described the construction details of the CυBE and has highlighted the importance of having such kind of display hologram in a box illuminated with a simple laser diode. Also this gives an insight about hologram that is low cost and widely suitable for schools and universities to be used in teaching purposes explaining basics of holography. To the best of authors knowledge, for the first time single beam source is used to create both reference and object beam. Such a technique demonstrated here now overcomes and avoids use of conventional split beam technique. Additionally, recording of a hologram described and established here facilitates the use of low power laser sources with limited coherence length to obtain a decent quality images.
